Introduction
Climate change can produce large impacts on water resources. The observed warming 3 during the recent decades can cause changes in the hydrological cycle due changes in precipitation 4 and evaporation spatial-temporal patterns. The changes directly affect soil moisture, groundwater 5 reserves and the streamflow seasonality. These aspects associated with projected increases of water 6 demand for the coming decades, primarily due to population growth and increasing wealth -7 regionally -may put the Brazilian hydroelectric system under pressure (Silveira et al. 2014) . 8
The average annual streamflow in the Brazil Rivers is 179 thousands m3/s, which 9
correspond to approximately 12% of the surface water availability on Earth (Shiklomanov 1998). 10
The rivers streamflow variation is influenced by several factors, including the precipitation occurred 11 in the contribution basin and land use/occupation changes. In Brazil the average annual rainfall 12 (history from 1961 to 2007) is 1,761 mm, varying values in the range of 500 mm in the semiarid 13 region of the Northeast and more than 3,000 mm in the Amazon region (ANA 2009). 14 The Brazilian power grid is most characterized by hydroelectric sources. The hegemony of 15 hydropower in electricity production in Brazil requires careful analysis of streamflow into 16 hydrological system and its temporal variation patterns due to the significant impact from these 17 variations may have on the energy supply, and consequently on the entire national economy (Alves 18 et al. 2013 ). In addition to natural climate variability, some studies suggest that climate change may 19 affect weather and hydrological variables in South America (Silveira et al. 2014; IPCC 2007; Nobre 20 2005; Silveira et al. 2013A; Silveira et al. 2012; Marengo & Soares et al. 2005; Marengo & 21 Valverde 2007) . 22
The Intergovernmental Panel on Climate Change (IPCC) points out that climate change 23 poses a major threat to socio-economic development during the 21st century, their impacts will 24 likely affect in global scale the water resources, urban and rural infrastructure, coastal areas, forests 25 and biodiversity, as well as economic sectors such as agriculture, fishing, forestry and power 26 generation industries (IPCC 2014b) . 27
In South America, climate variability and climate changes have been the subject of 28 discussions and scientific research seeking a comprehensive understanding of their occurrence and 29 characteristics (Chaves et al. 2004; Nobre 2005; Silveira et al. 2013; Silveira et al. 2012; Marengo 30 & Soares et al. 2005; Marengo & Valverde 2007) . Based on projections of global models, the IPCC 31 has indicated that there is a higher probability of the maintenance of continuous heating throughout 32
South America, as well as decrease in precipitation patterns over the Andes with an increase in the 33 far south and south-east. In northern and northeastern South America, there is a reduction of 34 precipitation pattern during austral summer, but great divergence among the models projections 1
The impacts of climate change in the surface water flow and groundwater recharge varies 3 depending on region and climate scenario considered (IPCC, 2014b) , but relates mostly with 4 changes designed for precipitation patterns (IPCC, 2001; KROL et al., 2006) . 5
Several studies were conducted in order to check climate change impact on water resources 6 in South America. Milly et al. (2005) showed that there is concordance on projections to the middle A measure that defines the potential from power generation system is a hydroelectric 29 Affluent Natural Energy (ANE), which is based on the average productivity of the system according 30 to the streamflow into each reservoir. The objective of this study is to evaluate the projections of 31 ANE for the National Interconnected System (NIS) based on scenarios RCP4.5 and RCP8.5 from 32 IPCC-AR5 models for three time-slices, 2010-2039, 2040-2069, and 2070-2098. 33 34 2 The National Interconnected System (NIS) 1 2
The National Interconnected System (NIS) is responsible for production and transmission of 3 electric energy in Brazil. It is a large hydrothermal system with predominance of hydroelectric 4 plants, where only 3.4% of the country's electricity production capacity are out of SIN, in small 5 isolated systems located mainly in the Amazon region (ONS, 2011a) . 6
In order to make the most of existing NIS energy resources and the very hydrological 7 seasonality of each region the system is divided into four subsystems: southeast/Midwest, southern, 8 north and northeast industry sector. These subsystems are interconnected by an extensive 9 transmission network that enables the transfer of energy surpluses and allows the optimization of 10 inventory stored in the reservoirs of hydroelectric plants. 11
The Northern region produces 8% of the national energy (in GWh) and demand 7%, the 12 Northeast region produces 11% and demand 18%, the South produces 18% and demand 16%, the 13 Southeast/Midwest produces 47% and demand 61%. As for inter-regional transfers the North 14 transmits 31.7% of its production to the Northeast; the Southeast/Midwest transmits 3.5% and 2.4% 15 of its production to the North and Northeast, respectively, and receive 6.7% of production in the 16 South and 100% of the Itaipú plant production to Brazil. 17
In Figure 1 Monthly data from the IPCC-AR5 global models simulations are considered in this work. 29
For this experiment, just models that provided the maximum and minimum air temperature were 30 used, because the estimation method of the potential evapotranspiration suggested in this work. 31
Several models from research centers worldwide that contributed to the AR5 report are according to 32 Table 1 The scenarios RCP4.5 and RCP8.5 are considered for the evaluation of the ENA projections 7 over the 21 st century for the National Interconnected System. 10 models were considered from 8 RCP4.5 simulations, whereas for RCP8.5 projections 14 models were utilized. 9
The scenario RCP4.5 assumes that forcing stabilizes shortly after 2100 without overshooting 10 • Third step is to get the potential evapotranspiration from the global IPCC-AR5 models for the 3 Historical scenarios (RCP 4.5 and RCP 8.5) using the Penman-Monteith method (Allen et al. 1998) . 4
To do that, we utilized as input field data the maximum, minimum and average temperature time-5 series from the global IPCC-AR5 models. 6
• In the fourth step we obtain the flows using the Soil Moisture Accounting Procedure -SMAP 7 In Table 2 are shown the trend of the slopes of global models for RCP 4.5 and RCP 8.5 8 scenarios for ANE Brazilian subsystems using the Man-Kendall Sen test of annual flows. Analyzing 9 the set of models that have significant trend considering all the NIS, there is clear evidence that 10 increased emissions of greenhouse gases suggests a greater impact on power sector power 11 generation, since in most cases the slope module is always higher for the RCP 8.5 scenario than for 12 RCP 4.5. 13
In the RCP 8.5 scenario and for the North and North East subsystems, most models indicates 14 negative trend, being up to -6.1% per decade for the North and -3.9% per decade for the Northeast. The climate has a strong influence on the development of society due to floods, droughts, 31 disasters, among many other factors that directly affect the environment, agriculture, energy sector, 32 air quality etc. The analysis proposed in this paper aimed to provide information on the impact of 33 climate change on Energy Affluent Natural and consequently in energy production in Brazil. This 34 8 Hydrol. Earth Syst. Sci. Discuss., doi:10.5194/hess-2016 Discuss., doi:10.5194/hess- -135, 2016 Manuscript under review for journal Hydrol. Earth Syst. Sci. The possible reduction in ANE indicated by most models suggest that climate change added to the 7 growth of energy demand in Brazil could lead to a major crisis in the Brazilian energy sector, 8 leading to investments in non-renewable energy because of the risk of non-compliance of users with 9 current energy matrix. This type of action may increase the cost of energy generation and create a 10 positive feedback to climate change and intensify their effects on the entire climate system, and 11 consequently on the country. 12
The other possibility front of projected climate change is a massive investment in renewable 13 sources such as wind and solar, so that they can reach a large stake in Brazilian power matrix. 14 However, this requires a complex policy of investment in technology and labor-intensive training 15 for the long-term cost of generation become cheaper for the country. 
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